Abstract-The optical properties of track-etched membranes, obtained by irradiating a poly(ethylene terephthalate) film on a synchrotron through a mask with regularly spaced holes of 1 μm in diameter and subsequent chemical etching, have been investigated. These objects can be used as a template for fabricating regular plasmon resonance systems and two-dimensional photonic crystals.
INTRODUCTION
Obtaining regular oriented structures is of interest for fabricating optical and X-ray emission control systems, information storage elements, and optoacoustic devices [1] [2] [3] [4] . One of the methods for creating such microstructures is template synthesis using tracketched membranes (TM). Track-etched membranes are distinguished by a regular (usually cylindrical) shape of pores, a well-defined number of pores per unit area, and a record narrow range of diameters [5] . These membranes were tested as optical filters [6] . The creation of regular pores opens up the possibility of forming diffractive optical elements. In the case of such regular membranes, irradiation of each region with a large fluence of X-ray photons results in chemical transformations that differ from those induced by irradiation with high-energy ions. The bombardment of a polymer film with heavy ions involving ion collisions with atoms of the target leads to displacement of the atoms in the paraxial part of the track, with the linear energy transfer being about 1 keV/Å, so that the degradation of polymer molecules predominates. On the contrary, the competing crosslinking and degradation processes induced by secondary electrons with a linear energy transfer of about 1 eV/Å and radicals diffusing from the axial region of the track are observed at the periphery of the track [7] . Similar competing processes also occur in the polymer irradiated by X-ray synchrotron radiation [8, 9] .
EXPERIMENTAL
In this work, we studied regular TM made from a poly(ethylene terephthalate) (PET) film with a thickness of 10 μm. The film was irradiated with synchrotron radiation perpendicular to its surface from the VEPP-3 electron storage ring at the X-ray lithography station through a mask based on a tantalum membrane of a 2 μm thickness [10] [11] [12] . To provide a softer spectrum, the electron energy in the storage ring was set at 1.2 GeV.
Micropores with a diameter of 1 μm on an X-ray mask are arranged in square fields of 3 × 3 mm in size. The fields are separated by a 1-mm distance from each other along both coordinates in accordance with the geometry of the irradiated portions of the polymer film. The absorbed radiation dose without scanning was about 63 kJ/cm 3 on the front side and 55 kJ/cm 3 on the back side of the film in fields located near the plane of the electron orbit.
The film was etched in a 20% NaOH aqueous solution at a temperature of 40°C in an ultrasonic bath for 3 min, after which the film was washed in distilled water. Figure 1 shows optical micrographs of the irradiated film (Fig. 1a) and the regular track membrane obtained on its basis (Fig. 1b) .
The film was examined on a Nikon LV100 optical polarization microscope with a Planachromat 100X objective lens. A micrograph of the irradiated film viewed under parallel polaroids (Fig. 1a) ular grid of areas with small changes in the refractive index, and defects associated with the heterogeneity of the film and its distortion due to heating by irradiation are also seen. The regular system of pores resulting from etching is characterized by the following parameters: the distance between the pore centers of 2.9 μm, the pore diameter of 1 μm, and the pore length of 10 μm (corresponding to the film thickness). The pore number density in the resulting track-etched membranes was 10 6 cm −2 .
The transmission spectra of the unirradiated film, the irradiated areas, and the regular track membranes were recorded in the visible and near-IR ranges on Cary 5000 and Specord M40 spectrophotometers, as well as in the IR region using a Nicolet Nexus Fouriertransform spectrometer. The transmission spectra were recorded both in parallel beams (Cary 5000) and for samples placed in the turbid-sample compartment of the Specord M40 spectrophotometer, which allows the detector to collect most of the radiation scattered by the sample.
RESULTS AND DISCUSSION
The transmission spectra of the unirradiated film, the irradiated regions, and the regular track-etched membranes are shown in Fig. 2 .
The transmission spectra of a region with a regular grid of pores measured on a spectrophotometer in parallel beams exhibits is a broad band with a minimum transmittance at 550 nm, which covers the near-IR region of the spectrum, up to about 2.2 μm. This band is due to scattering losses by diffraction on a regular pore system. This conclusion is confirmed by the results of measuring the transmission spectra of samples in the turbid sample compartment (Fig. 2b) . In this case, the aforementioned band is barely seen in the absorption spectrum.
The results of experiments on light diffraction by the system of regular pores are presented in Fig. 3 .
An He-Ne laser was used as a light source. The diffraction was measured in the transmission mode with the screen mounted at a distance of 0.5 m from the membrane. The diffraction pattern on the regular pore system (Fig. 3a) is a combination of bright spots (reflections), the position of the maxima of which cor- where d is the distance between pores, θ is the diffraction angle, and m is the diffraction order.
The diffraction pattern, although less intense, is observed not only on the etched pores, but also on the irradiated samples (Fig. 3b) , since the irradiated areas are characterized by a refractive index other than that of the unirradiated ones.
A PET film with a system of regular pores is, in fact, a two-dimensional photonic crystal [13] [14] [15] . In two-dimensional structures with a slight difference in
refractive indices, wide bandgaps are not formed. The regular PET membranes under consideration are of this type. The optical properties of PET-based systems, including track-etched membranes with nonlinear HIO 3 whiskers grown from pores [16] , are the subject of further research. The relatively low dielectric constant of PET does not facilitate the formation of bandgaps in such a structure. However, the IR transmission spectra of track-etched membranes in our experiments, when observing along the direction of pores in the spectral region of 5000-3000 cm −1 , there was a significant weakening of the periodic modulation of the spectra, which was due to the interference phenomenon in thin PET layers (Fig. 4) . The observed suppression of multipath interference may be associated with a decrease in the reflectivity at the air/film interface. A similar phenomenon was observed previously in samples of two-dimensional crystals based on porous alumina films with a regular pore system [15] . The IR spectra of samples in the spectral region with wavenumbers less than 1800 cm −1 exhibit intense absorption bands due to the superposition of normal PET vibrations [17, 18] .
The use of a regular track-etched membrane with the direction of pores normal to its surface as a template can be effective for producing one-dimensional nanostructures [19] . Such objects can be used as matrices for fabricating regular systems based on plasmon resonance and two-dimensional photonic crystals, as well as in diffraction microdevices.
